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Analysis of Baseflow Contribution based on Time-scales
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Abstract

The analysis of baseflow contribution is very significant in Korea because most rivers have high variability of streamflow due to the monsoon climate.
Recently, the importance of such analysis is being more evident especially in terms of river management because of the changing pattern of rainfall and
runoff resulted from climate change. Various baseflow separation methods have been developed to separate baseflow from streamflow. However, it is
very difficult to identify which method is the most accurate way due to the lack of measured baseflow data. Moreover, it is inappropriate to analyze the
annual baseflow contribution for Korean rivers because rainfall patterns varies significantly with the seasons. Thus, this study compared the baseflow
contributions at various time-scales (annual, seasonal and monthly) for the 4 major river basins through BFI (baseflow index) and suggested baseflow
contribution of each basin by the BFI ranges searched from different baseflow separation methods (e.g., BFLOW, HYSEP, PART, WHAT). Based on the
comparison of baseflow contributions at the three time scales, this study showed that the baseflow contributions from the monthly and seasonal analysis
are more reasonable than that from the annual analysis. Furthermore, this study proposes that defining BFI with its range is more proper than a specific
value for a watershed, considering the difference of BFIs between various baseflow separation methods.
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al., 2016). ©J=2-9|, Kim and Lee (2009), Choi et al. (2015),
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1. GRS

S-Euete] F8 Al 3A W A, Yt Al
7 A, AR A AR Y o] = AL 9=,
Tl A= o] 47} =AS TJWOE ATE XY
A X109 Hat AFeaF 3 A 1,360
Z7 227 1,337.4 mm, E.z; 227 1,257.7 mm, A2 GA}
7 1,391.8 mmEX] F7F A 9] A7FaFo] 7H &t
(KMA, 2010). T34t} 7} 224 W 7] 50| ko2
A7) 70 % ol4fo] ool BoH 7|1 TEAS 7R3
QUTk. SAE WA 2 317 52 0] M A 0] 41,957 km’ 2 4T 7}
A FollA 7HE & WS AA| AL i, Y5 A
23,690 km?, 27} 227 9,912 km®, A2 AX) 4
4,914 km’, 3,371 km’ & 421 - GA} S=A|7} 71 2R W A
& AFA}aL et
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510l o 714 0% RS Bl 1A RS Helst
9}, o] 2 918 2 il chakx|=lel acj7k Aol 1113
S $TELES 2B, ) $3F BELE 249
A} Shsol 2 AL FE|elA Asti o, 2
71Ho A BSE FFA RS RISl BElskal Rl
WAMIS (Water Management Information System)oj| 4] A|
=L

8 ol Q= WS A HAShL Q= AHR 9] 7171e]
L5 t27] g & AFoA= 2 AR 2 5d
(2011 8~20159)52He] AR S A6kl Sl fd
S4mhE NS ER 714 201 49, T 1 o)
Tzl oRt ke wWol W] ol ol 2%l
HiAIsE7] f1ske] Aol f1AI de ARA| <o ?47\]5* i
S AHS A, Fig. 1- 2 204 283§

Ao| Bag QWﬁziﬂJﬂwinW+mm
of fRpUEag Ayt

3. 7INRE 2| W
7}, BFLOWS
BFLOW (Baseflow filter program)+<= 7| 4-4-& 2| &2 9

3 71 o] AREE| o] WHE 718t Shuto]th (Willems,
2009; Ahlablame et al. 2013). BELOW= A1 554 1l %] 2]

olget 7IMwreE =2
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Fig. 1 Streamflow guage stations of each basin

(Signal analysis processing)ol| AFR-E| ¢l T E TE| 7|4 =
317}%] @1 one parameter filter & -3-8-5}0] 4~ F214 0 2 HLE
71 A -ES 22|sh= o t) (Amold et al., 1995; Lyne
and Holick., 1979). A8F& 7| 4729 =24 E4
HefsA]= SshA|eL w2 Alkbo] Zhgstal Yol Y=
A& o] 7}ZEsl= A o] glck (Hong et al., 2015). tha-2
BFLOWOj|A| AR8-%=]= TAe FE|4]o|t} (Lyne and Holick,
1979).

1+a
fi=a- ft—q +T(yt_

b=y, —f, T0=<b<=y,

yt—1) (])

oA71H, y, = A B £, = AE9E

= filter parameter©|t}.

BFLOW<X= Passl, Pass2, Pass32] g0 SHARS ¢
H3to] 7| #-8-2-8 A3}, Passl, Pass2, Pass3 =0 &
714 5-20] ZHA| AP EILH (Arnold et al., 1995). AFRAF=
Passl, Pass2, Pass3& 53l w2] Al 7F4] 9] 7|4 7-= &
A3t 5 AT frolel Aol ARe 20k Aelslol 4}
83+ 4= 9t} (Eckhardt, 2008; Schwartz et al., 2012; Lyne
and Holick, 1979). Z12]1} pass 2] A8} = 0] 72~ 7] &6
Fo et p2o

b =714+, a

fi

3 FZ0] o] o] Fo] %] %] 7] uje] ofo] Thgt
7|20t ARATL AR Aol B, o2 AR Hul
3t 7]30] F55}%] giek (Hong et al., 2015). ufebs] & A1

o A= Pass1 3} Pass3 9] 57FH 9] of| allddl+=Pass2 & o]

sl

Ll HYSEPZ 018%t 7|XMFE =22l

HYSEP-2U.S Geological survery (USGS) ]| 2] 3]l 75t =]
014 USGS Ato| Bl A M 2511 Q= 71 A& 225 1%t
AZE T g3olch HYSEP =2 13e % 37}%] 4y
(Fixed interval, Sliding interval, Local minimum)-2- A2-5}]
H SRR 5 71 A S Bt o] BHS S4BT
S 2RE olgo 4 2)E 7| L& APgE YAt A=
AN ] A3 (Low point)e A& 7|4 fE= &
2Rtk & Aol A Al 7HA iR Soll A == o] o]-85
3L %= Local minimum WH-S- 2-8-5to] He)3t 7| A%

= ARgskTh
N= A().Q (2)
o714, N = 23E7-20] E'd 9] U3 A= 74 (mile)

o,

NoJ A4 (o)7]4+= 0.2)= 792 54 (A3, BEAlo8=
ol wFEEkR| AL, ARG 2N, 3~11 Afo|o] &= 4%
7W7k8- 32 7FAth (Brodie and Hostetler, 2005; Schwartz et
al., 2012). Local minimum W& ZF G 2 0.5(28V—1)
WA 0R A g Sh1ska, vof vrEsith 1A0]

local minimum©|1Z 2173k local minimum3} & Ao 2]3}
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Cotst 7 x9E Ha

WHE 01t 4t +AI] AZIHE (H-AE-8) 7IMRE 710 24

AZ =} WA local minimum Ape]of] 2}z & F4t 7|
2 A2 FARIR | o3 45 AE 7|Eo 2 7|A
529 Ba)slk= 9o} (Sloto and Michele, 1996).

Cl. PARTS 08¢t 7|XFE 22
PART = USGSOA 7 7|45 & ZRHo R
M, Neday HP1H AR S BekA o 8ty
Wolth o W ARE Bol SAgo R 748
S= 2eoh] S8l g2 AME AL 9o, 5H 9] A (day)
FHlolHE 12 v & dEsto] AY B Foto] 1
717H59r 714922 A%t} (Rutledge, 1998). PART
= Knisel and Sheridan (1983)7} A|A|gF HH o &2 4~ H 24
of| Al -2 Qlsl A -FrEol AR Af-of thsfiARt 7] 4]
&S £kl o] & 77 gkl e 717t tisfiA
= PR 7 A S ATl 7= gtk 719 R
S0 71AE oA AdAe-9 ks W An g
PART = A3ztr2719] gk 1L
gt} webA] PART oA = A2

(0]
T
=
=

71 A2 AP Atk gedol ASE Ut R QFA
3l ule} ZHo| Shir mohammadi et al. (1987)+=PARTS
8716 el Ak 7148 melo] Agsica

st

2. WHATEZ 08¢t 7|MRE &2l

WHAT (Web GIS-based Hydrograph Analysis Tool)-=
ARGAR7E A A Fol ARSARY] AR R 7] A
= £AE 4= Sl Y7 71 A= 2] W ol ok (Lim
etal. 2005; Shin et al., 2010). WHAT-&37}x]9] 7|49 &
2 S Sl 71 A= 27t 7hs stk A jIA 2 LMM
(Local Minimum Method)*= 422041 9] ZFHLof| A 2144
Fo| HAE AL g RS 7| A FEEN PR A E=
A& Adsto] 7IARES Eelohes otk = wal= of
A 483 BFLOW filter 24, A& # 2] (Signal processing)
HofollA] arutet A ks felsl| Qo ARG El= S
o] g3to] PEIFA L BHE 7|4 GES EYshs WOt
Al HA 2 Eckhardt filterE o]-&8}= o]t} (Lim et al.,
2010; Eckhardt, 2005). Eckhardt filter-=BFLOW filterS 4~
Aoto] Y50 E4E 8T 5= =g AT o g,
BFImax (3717t] & &l digt 7145559 vle] A
e ME A85to] ti3-9] £4& e = ik 5t

ARk BFImax & 2188 49 55 7] 4 51 9] 2
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7} UhE 4= 9) 7] wio]| Eckhardt (2005)= A 8130] &
21 30| B2 gi4=3, d&H o8 5P| 3201 F=9]
o 2, FHA] sHdo] BT ko 2 LA E thgZo
thsto] Z+2+0.80, 0.50, 0.25 2 ZHS AoFsFAITH (Lim et al.,
2010; Eckhardt, 2005). & 1520} 4= BFImax-> E4H
AR 2H] (http://soil.rda.go.kr/soil) o] 4] A5 H= A= v}
T FAARE arste] A sho] 2 eRte ®
34l tdig=50ll 3FsH= 0.802 A-85k3irt thd-2 Eckhardt
filter Alo]|c}.

. (1= BFL,, )a+b,_,+BFI, Q 3
e 1—aBFI ©)

max

o171 A, b, = tAIRbel B2l 7| A§-2E7E (mP/s), b, =t-1
AZbol BBl gl 71 A& (m) s), @, =tAIRtel A sh -
S (m°/s), BFL,, =87179] & &gl digt 7|46

o] ulo] Zggtolc.

4. 7| MREH|

71 A5-=4] (Baseflow index; BFI)+=o}d A 9-5F 5 7]
AfEo] AXsh= BlES ofnlstaL, sFd 9] {5 540 o
4] LFER 2= 9)2= %) 30t} (Bloomfield et al., 2009). BFI
= E 72 o 2 Ak 5= olrk 4 0 712000 ool
7R 6 Hel g 5 offe) 413} o] 7t el BFIE A
A B Folo, T e Rl AR VA RS 2
3101 BFI S APgals 70|tk Fajo] w4 4] 19 29}
12 o] sl g sh= 717H] Frg A= S A 215kl BFIE AM
Bfjokstct (Gustard et al., 1992; Deelstra and Lital, 2008). =
Aol A= ARFe] WS A-8-5ke] 2011 A 20157
A A, A, L BFIE AP % 71 gko) BatghS At
sto] 513 7]7te] gk BFIE: 4P s)3ich

Table 1-& 37, W57, 27, AN A 4A12) 2011~
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Table 1 Comparison of annual BFls and their ranges

Basin Year BFLOW HYSEP PART WHAT Range
2011 0.62 077 0.83 0.79 0.62 ~ 0,83
2012 0.66 078 0.85 0.80 0.66 ~ 0.85
2013 0.67 075 0.85 0.80 0.67 ~ 0.85
an 2014 0.67 0.74 0.86 0.79 0.67 ~ 0.86
2015 0.70 0.78 0.86 0.80 070 ~ 0.86
5 yr 0.66 0.76 0.85 0.80 0.66 ~ 0.85
2011 0.68 0.7 0.84 0.80 0.68 ~ 0.84
2012 0.68 0.7 0.82 0.80 0.68 ~ 0,82
ekciong 2013 0.67 0.74 0.82 0.81 0.67 ~ 0.82
2014 0.65 0.73 0.80 0.80 0.65 ~ 0,80
2015 0.70 078 0.83 0.80 070 ~ 0,83
5 yr 0.68 076 0.82 0.80 0.68 ~ 0,82
2011 0.58 0.71 0.74 0.76 058 ~ 0.76
2012 0.61 074 076 075 0.61 ~ 076
e 2013 0.63 0.72 0.79 0.7 0.63 ~ 0.79
2014 0.66 075 0.7 0.7 0.66 ~ 0.7
2015 0.65 0.7 0.78 0.76 0.65 ~ 0.78
5 yr 0.63 0.74 0.7 0.76 0.63 ~ 0.7
2011 0.68 0.7 0.79 0.79 0.68 ~ 079
2012 0.68 078 0.7 0.78 0.68 ~ 078
Seomjin 2013 0.70 0.78 0.80 0.81 0.70 ~ 0,81
Youngsan 2014 068 0.76 0.79 0.79 068 ~ 0.79
2015 0.71 078 0.80 0.80 0.71 ~ 0.80
5 yr 0.69 0.7 0.79 0.79 0.69 ~ 0.79
2011 0.64 076 0.80 0.79 0.64 ~ 0.80
2012 0.66 077 0.80 0.78 0.66 ~ 0,80
o 2013 0.67 075 0.82 0.80 0.67 ~ 0.82
2014 0.67 075 0.81 0.79 0.67 ~ 0,81
2015 0.69 0.78 0.82 0.79 0.69 ~ 0,82
5 yr 0.67 0.76 0.81 0.79 0.67 ~ 0.8

5 yr: 5 years average

20154 SxF7 0 471A] 7| A8& B2 HH(BFLOW, Han g 1 Geurn I Sumjin . Total < Average
HYSEP, PART, WHAT)S #-85}0] 7] A4-9-2 Ha] 5l o]

2 o9 BFIQ} 54 B4t BFIE A& 811, 0| & 3| BFI
o] HelE AXRE Ao|H, Fig. 2= o] & - o2 YEphd A
ojch 5 <t ' BFI AFg A3} 72 A= 3 A
0.66~0.85, Y=7} 4=4] 0.68~0.82, 57 54| 0.63~0.77, A
21+ QAP A 0.69~0.79 2 LrEbt T 4t} 4] A2 5

Baseflow Index

| Ho 98 BFI+= 0.67~0.81 2.2 317} =4, 957 54,
/‘\5]7‘(_]_ OC:)]/‘\_]_— Al 7:“_,] 5151 -li;,!- O‘jﬂé BFIQJ— -I-[—/\]—'(:S__ %}\—% L]—E]‘ o 2011 2012 2013 2014 2015 5 years average
Won, 27 A9 59 W A BFIZF AR o2 71 Fig. 2 Annual BFI ranges of each basin
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WHE 01t 4t +AI] AZIHE (H-AE-8) 7IMRE 710 24

W2 02 ZAESI. o] & B 4 A T v
oA sl tigt 714 =2 717 7 A2 A
= 2RRlE ek 573 2k =A12] 59 Bt BFIS| Afol=
ZF3+0.0425, 95742 0.04, AR - FAEE0.035 8] 20|
Ho Gt 4 %2| BF12] 2fo] & E e} s digt 7]
=0 7| EE A Al Hlese 54, B S
3 5o A A Q] 8210 EFE WIS, Aske] o83
22 191AQ1 8700l ofsl A Hrk webA 5 ol27t &
A5 sl 57 AN S 7IA & 71 =7 T A
O 2 BfpAlof H]sf W2 AlS uhefsh= Zlo] BRst, o]
off A 7142 7104 =ofl dieh A4 8913} Q1914 8.4
o] Y= AFeshe A Esd Ao s AEn:
Table 1914 &3t A0l 71A = 2= WHol mef
BFI AP 2 3= 2 2ol & Yehlth. o] =Fig. 25 &3l 47
Sl 4= e, 78 2 BFIgEe] Alo)7} vehd ) A
2] 2011 BFI9] - 2|4 0.620] 4 2|1 0.83. 5= BFI 4t
of ztol= 0.21 2 FRIE QU ol= 714 & Aol Lol
©F 20 % 71A] Zpol 7Y 4= Al HofEnt olef g

X,

2 o fo

7| A

&2 F 7 AEE B

1452 el e 28

O=0 H

HE2 T10

W] w2 Figre] Aol 2471e] o]
37] wjolch
o] 4% BFI

Table 2 Comparison of seasonal BFls and their ranges
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B3 o ol
EECEREEDE L

2. AIEE BFI M 2 H|@

AT = 3~5ES BOF 6892 o 9~11¥S
7hS, 12~29-E A&R FE3lo] A - BFIS AHYstoich
Table 2= 3V, Y67, 57, A7 QAP A dig ez
2011~20159 2] fegAt=o| sl 471] 7|4 f-2 &2 B
(BFLOW, HYSEP, PART, WHAT) #|24¥ BFIS AH4 3t
AILE A2t Zlo), Fig. 32 0|5 18 o2 e Zlo|ch

Table 29} Fig. 30|14 ER1& 4= Ql5%0], 47 4=A] L&
A BFI= 2 ZFo] & UERIT = A o)A o152 BFI
7} 71 WA AP E|Ql o, HubA o &2 Bl of £.9] BFIZ}
7H&3t A-L-2] BFIo| B3] 22 gk Uepith o]= ahd
ol gt 7| A5-&2] 7| = B3t o} Fof 21 7R} A

Basin Year BFLOW HYSEP PART WHAT Range
spring 0.66 0.75 0.86 0.78 0.66 ~ 0.86
summer 0.54 0.67 0.74 0.76 0.54 ~ 0.76
an autumn 0.73 0.81 0.88 0.85 0.73 ~ 0.88
winter 0.73 0.82 0.92 0.79 0.73 ~ 0.92
spring 0.67 0.73 0.83 0.79 0.67 ~ 0.83
Nakdong summer 0.55 0.65 0.69 0.76 0.55 ~ 0.76
autumn 0.70 0.78 0.85 0.84 0.70 ~ 0.85
winter 0.78 0.87 0.91 0.82 0.78 ~ 0.91
spring 0.58 0.72 0.77 0.75 0.58 ~ 077
Goum summer 0.56 0.67 0.67 0.73 0.56 ~ 0.73
autumn 0.69 0.77 0.81 0.80 0.69 ~ 0.81
winter 0.67 0.79 0.83 0.77 0.67 ~ 0.83
spring 0.69 0.76 0.81 0.79 0.69 ~ 0.81
Seomjin summer 0.54 0.67 0.63 0.73 0.54 ~ 073
Youn.gsan autumn 0.71 0.80 0.82 0.83 0.71 ~ 0.83
winter 0.79 0.88 0.89 0.82 0.79 ~ 0.89
spring 0.65 0.74 0.82 0.78 0.65 ~ 0.82
Total summer 0.55 0.67 0.69 0.75 0.55 ~ 0.75
autumn 0.7 0.79 0.84 0.83 0.71 ~ 0.84
winter 0.74 0.84 0.89 0.80 0.74 ~ 0.89
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Fig. 3 Seasonal BFI ranges of each basin

Table 3 Comparison of monthly BFIs and their ranges

© & Yt (Leeetal., 2003). wehA ﬁaoﬂbﬂéol Ely
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Table 3-2-2011~2015 9] S-eFx} 7 o] 4717 7|4 &2 B
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Basin Month BFLOW HYSEP PART WHAT Range

1 0.74 0.85 0.94 0.76 074 ~ 094

2 0.75 0.82 0.90 0.77 0.75 ~ 0.90

3 0.72 0.81 0.87 0.73 0.72 ~ 0.87

4 0.63 0.7 0.84 0.76 0.63 ~ 0,84

5 0.63 0.73 0.87 0.84 0.63 ~ 0.87

6 0.64 0.74 0.81 0.77 0.64 ~ 0.81

Flan 7 0.42 0.59 0.64 0.72 0.42 ~ 0.72
8 0.54 0.69 0.76 0.79 0.54 ~ 0.79

9 0.66 0.75 0.85 0.86 0.66 ~ 0.86

10 0.77 0.85 0.91 0.88 0.77 ~ 0.91

11 0.77 0.83 0.89 0.81 0.77 ~ 0.89

12 0.7 0.79 0.91 0.84 0.71 ~ 0,91

1 0.80 0.89 0.90 0.80 0.80 ~ 0.90

2 0.80 0.88 0.91 0.80 0.80 ~ 0.91

3 0.72 0.75 0.85 0.76 0.72 ~ 0.85

4 0.67 0.73 0.81 0.77 0.67 ~ 0.81

5 0.61 0.72 0.83 0.85 0.61 ~ 0.85

Nakdong 6 0.65 0.74 0.78 0.78 0.65 ~ 0.78
7 0.49 0.59 0.66 0.76 0.49 ~ 076

8 0.51 0.63 0.64 0.72 0.51 ~ 0.72

9 0.64 0.74 0.83 0.85 0.64 ~ 0.85

10 0.71 0.78 0.86 0.85 0.71 ~ 0.86

11 0.75 0.81 0.86 0.81 0.75 ~ 0.86

12 0.75 0.84 0.91 0.85 0.75 ~ 0,91
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Table 3 Comparison of monthly BFls and their ranges (continued)

Basin Month BFLOW HYSEP PART WHAT Range
1 0.68 0.7 0.84 0.76 0.68 ~ 0.84
2 0.65 0.79 0.82 0.77 0.65 ~ 0.82
3 0.61 0.72 078 072 0.61 ~ 078
4 0.59 0.74 0.76 073 0.59 ~ 0.76
5 0.56 0.69 0.7 0.81 0.56 ~ 0,81
o 6 0.61 0.70 0.75 0.76 0.61 ~ 0.76
7 0.54 0.65 0.63 0.72 054 ~ 0.72
8 0.53 0.66 0.63 0.72 053 ~ 0.72
9 0.65 0.75 0.79 0.82 0.65 ~ 0,82
10 0.71 0.80 0.82 0.81 071 ~ 0.82
11 0.70 0.7 0.80 0.76 0.70 ~ 0.80
12 0.69 0.79 0.83 0.79 0.69 ~ 0,83
1 0.82 0.91 0.91 0.83 0.82 ~ 0,91
2 0.89 0.89 0.88 0.80 0.80 ~ 0.89
3 0.73 0.7 0.84 0.78 073 ~ 0,84
4 0.68 0.76 078 0.78 0.68 ~ 0.78
5 0.66 0.75 0.79 0.82 0.66 ~ 0,82
Seomjin 6 0.65 0.75 073 0.76 0.65 ~ 076
Youn'gsan 7 0.47 0.60 0.60 072 047 ~ 0.72
8 0.50 0.65 0.62 0.71 050 ~ 0.71
9 0.62 0.75 0.77 0.83 0.62 ~ 0.83
10 0.75 0.84 0.87 0.87 075 ~ 0.87
11 0.75 0.81 0.82 0.78 0.75 ~ 0.82
12 0.75 0.85 0.88 0.84 0.75 ~ 0.88
1 0.76 0.86 0.90 0.79 0.76 ~ 0,90
2 0.77 0.85 0.88 0.79 077 ~ 0.88
3 0.7 0.76 0.84 0.75 070 ~ 0.84
4 0.64 0.74 0.8 0.76 0.64 ~ 0.80
5 0.62 0.72 0.82 0.83 0.62 ~ 0.83
o 6 0.64 0.73 0.7 0.7 0.64 ~ 0.77
7 0.48 0.61 0.63 0.73 0.48 ~ 073
8 0.52 0.66 0.66 0.74 0.52 ~ 0.74
9 0.64 0.75 0.81 0.84 0.64 ~ 0,84
10 0.74 0.82 0.87 0.85 0.74 ~ 0.87
11 0.74 0.81 0.84 0.79 074 ~ 084
12 0.73 0.82 0.88 0.83 073 ~ 0.88
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